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Abstract

We describethe architectureand the
componentsof BEETLE, a dialogue-
enhancedBasic Electricity and Elec-
tronicsTutorial LearningEnvironment.

BEETLE

Thereis mounting evidencefrom cognitive sci-

enceandintelligenttutoring systemgesearctihat
themosteffective tutorsarethosethatpromptstu-

dentsto construcknowledgefor themseles. Nat-

urallanguagedialogueoffersanidealmediumfor

eliciting knowledge construction,via techniques
such as co-constructionof explanationsand di-

rectedlines of reasoning.Thesestratgiesunfold

over multiple turnsandrequirea dialoguesystem
to be flexible enoughto dealwith an unexpected
responsejnterruption, or failure of tactics. To

provide thesecapabilities,we have developeda

dialoguemanagemenframework, inspiredby the

three-level architecturesisedin robotics.

Fig. 1 displaysBEETLE’s underlyinggeneric
and modulararchitecturefor the managemenof
tutorial dialogue. It is divided into four ma-
jor parts(from left to right): externalknowledge
sourcesthe information state,the updateengine,
andthe three-layerecplanningand executionar
chitecture BEETLE'sarchitecturemphasisethe
importanceof clearly separatingthe knowledge
sourcesinvolved in tutorial dialogue, and thus
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Figurel: BEETLE's 3-level Architecture.

minimisesthe re-representationf knowvledgein
differentpartsof the tutor system.Moreover, this
designemphasiseandencouragethe reusability
of components.Our systemis composedof the
following moduleswhich interactusingthe Open
AgentArchitecture(Martin etal., 1999):

O-Plan, a deliberatve planningand execution
monitoring moduleimplementedusing the Open
PlanningArchitecture(CurrieandTate,1991).0-
Planis capableof performingon-the-fly planre-
pair when tutorial situationsoccur that have not
beenanticipatedduring the planningof the dia-
logue.

NUBEE, an NLU modulewhich translateghe
users typedEnglishinputto alogical form. This
is built usingthe CARMEL NLU toolkit (Ro<,
2000),which includesa robust parseranda wide
coveragegrammar We augmentedCARMEL by



addinga referenceresolutionmodule,andan in-
terfaceto WordNet (Miller, 1990) that can look
for known synoryms of unknavn words.

BEETLEGEN, a generationmodule which
synthesise€nglish text from logical forms for
eachsystemturn. BEETLEGENIs a hybrid gen-
eratorcombininga template-basedpproachwith
grammatbasedprocessingwithin a pipeline of
XML documentransformationsBEETLEGEN's
built-in intelligenceincludesreasoningaboutim-
plicit speech-actd\P and VP pronominalisation,
and lexical choice. BEETLEGEN usesstandard
XSLT stylesheeprocessorg¢Clark, 1999).

TIS, a dialoguemanagerdevelopedusing the
TRINDIKIT dialoguesystemshell (Larssonand
Traum, 2000). This module maintainsthe sys-
tem’s blackboard,including the dialoguehistory
and encodesrules of corversation(e.g., listen-
ers are obliged to addressjuestions). Note that
knowledge of how to corverseis kept separate
from the planners knowledgeof how to tutor, and
knowledgeof thedomainbeingtutored.

BEER, aBasicElectricityandElectronicsRea-
sonerwhich encodesall of the systems$ knowl-
edgeaboutthe subjectmatterto betutored.BEER
is able to computeanswersto studentquestions
andto simulatethe executionof studentlab ac-
tions. The domainreasoneis writtenin LOOM,
a description-logic-bsed knowledge representa-
tion andreasoningngine(MacGregor andBates,
1987).

CURBEE, a curriculum agentwhich encodes
BEETLE'srepresentationf theteachingmaterial.
Thematerialis annotatedor learninggoals,level
of difficulty, andallocatedtime

BEESM, a situational modeller which infers
relevant information aboutthe immediatetutorial
situation basedon the student$ interactionwith
the system(time elapsedamountof materialcov-
ered,students answercorrectnessetc). BEESM
derivesvaluesfor theautonomyandapproval to be
givento the studentwhich inform (i) the tutorial
planning componentthat selectsthe next appro-
priatetutorial stratgy, and (ii) the text generator
BEETLEGEN that generateshe appropriatdin-
guisticrealisations.

BEEGLE, aTcl/ Tk-based5UI displayinghy-
pertet lessonsmultiple choicequestionsa chat

interface,andthe circuit simulationernvironment.
A screenshoof BEETLE is depictedn Fig. 2.

Figure2: A Screenshodf BEETLE.

Currently BEETLE hasa seriesof hypertet
lessonandmultiple choicequestionsoveringthe
topics of current,voltage, resistanceand power.
The practical exercisemeasuringcurrent is sup-
portedwith naturallanguageutorial dialogue.

References

J. Clark. 1999. XSL Transformations
(XSLT), Version 1.0, W3C Recommendation.
http:/mwwww3.01g/TR/XsIt.

K. CurrieandA. Tate. 1991. O-Plan: the openplan-
ning architecture Artificial Intelligence 52:49-86.

S.LarssonandD. Traum. 2000. Informationstateand
dialoguemanagemerih the TRINDI dialoguemove
enginetoolkit. Natural Language Engineering6(3—
4):323-340.

R. MacGrayor andR. Bates. 1987. The Loom knowl-
edge representatiolanguage. Technical report,
USClinformationSciencednstitute,MarinadelRey.

D. Martin, A. Cheyer, andD. Moran. 1999. TheOpen
Agent Architecture: a framework for building dis-
tributedsoftwaresystems AppliedArtificial Intelli-
gence:AnInternationalJournal, 13(1-2).

Geoge Miller. 1990. WordNet: An on-line lexical
databaselntl. Journal of Lexicography; 3(4).

CarolynP. Ros. 2000. A framework for robustseman-
tic interpretation.In Proc.of the1t AnnualMeeting
of theNorth AmericanChapterof the ACL (NAACL-
00), Seatle



